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CHAPTER 6
SHEAR WALLS

6-1. Introduction. This chapter prescribes
the criteriafor the design of walls of buildings in
seismic areas, indicates the principles and factors
governing the application of horizontal forces nor-
mal to the plane of walls and parallél to the plane of
walls, gives certain design data; and illustrates
typical details of construction. A wall that carriesa
vertical load other than its own weight, and/or that
resists a horizontal force parallel to the wall, other
than seismic shears resulting from its own weight, is
classified as a structural wall. Other walls and
partitions are classified as nonstructural and are
treated in chapter 11.

6-2. General.

a. Function. Shear walls are vertical elementsin
the lateral force resisting system. They transmit
lateral forces from the diaphragm above to the
digphragm below or the foundation.

b. Shear wall types. Two basic shear wall sys-
tems are defined in SEAOC Table 1-G; light,
framed walls with shear panels of plywood and
certain other materids, and shear wals of reinforced
concrete and reinforced masonry.

c. Design criteria. General discussions of shear
walls are presented in paragraphs 6-3 through 6-6.
The details of concrete shear walls are covered in
paragraph 6-7, precast concrete shear wallsin 6-8,
masonry shear wallsin 6-9, wood stud shear walls
in 6-10, and steel stud shear wallsin 6-11.

6-3. Design forces. Walls may be subjected to
both vertical (gravity) and horizontal (wind or
earthquake) forces. The horizontal forces are both
in plane and out of plane. When considered under
their in-plane loads, walls are caled shear walls;
when considered under their out-of-plane loads they
are caled norma walls. Walls will be designed to
withstand all vertical loads and horizonta forces,
both parallel to and normal to the flat surface, with
due dlowance for the effect of any eccentric loading
or overturning forces generated. Any wall, whether
or not intended as part of the lateral force resisting
system, is subjected to lateral forces unless it is
isolated on three sides (both ends and top), in which
caeit isclassfied asnonstructural. Any wall that is
not isolated will participate in shear resistance to
horizontal forces parallel to the wall, since it tends
to deform under stress when the surrounding
framework deforms.

6-4. Wall components. Reinforced concrete and
reinforced masonry shear walls are seldom smple
walls. Whenever a wall has doors, windows, or
other openings, the wall must be considered as an
assemblage of relatively flexible components
(column segments and wall piers) and relatively stiff
elements (wall segments).

a. Column segments. A column segment is a
vertica member whose height exceeds three times
its thickness and whose width is less than two and
one-hdf times its thickness. Its load is usualy
predominantly axial. Although it may contribute
little to the |ateral force resistance of the shear wall,
its rigidity must be considered. When a column is
built integral with awall, the portion of the column
that projects from the face of the wall is called a
pilaster. Column segments shal be designed
according to ACI 318 for concrete and TM 5-809-
3/AFM 88-3, Chap 3 for masonry.

b. Wall piers. A wall pier isasegment of awall
whose horizontal length is between two and one-
half and six times its thickness and whose clear
height is at least two times its horizontal length.

c. Wall segments. Wall segments are components
that are longer than wall piers. They are the primary
resisting components in the shear wall.

6-5. In-plane effects. Horizontal forces at any
floor or roof level are generally transferred to the
ground (foundation) by using the strength and
rigidity of shear walls (and partitions). A shear wall
may be considered analogous to a cantilever plate
girder standing on end in a vertical plane where the
wall performs the function of a plate girder web, the
pilasters or floor diaphragms function as web
stiffeners, and the integra reinforcement of the
vertical boundaries functions as flanges. Axidl,
flexural, and shear forces must be considered in the
design of shear walls. The tensile forces on shear
wall elements resulting from the combination of
seismic uplift forces and seismic overturning
moments must be resisted by anchorage into the
foundation medium unless the uplift can be
counteracted by gravity loads (e.g., 0.85 of dead
load) mobilized from neighboring elements. A shear
wall may be constructed of materials such as
concrete, wood, unit masonry, or metal in various
forms. Design procedures for such materials as cast-
in-place reinforced concrete and reinforced unit
masonry are well known and present no problem to
the designer once the loading and reaction system is
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determined. Other materials frequently used to
support vertical loads from floors and roofs have
well-established vertica load carrying
characteristics but have required tests to
demonstrate their ability to resist latera forces.
Various types of wood sheathing and metal siding
fall into this category. Where a shear wall is made
up of units such as plywood, gypsum wallboard,
tilt-up concrete units, or metal panel units, its
characteristics are, to a large degree, dependent
upon the attachments of one unit to another and to
the supporting members.

a. Rigidity analysis. For a building with rigid
diaphragms, there is a torsional moment, and a
rigidity andyssis required. Refer to chapter 5. It is
necessary to make a logica and consistent
distribution of story shears to each wall. An exact
determination of wall rigiditiesis very difficult but
is not necessary because only relative rigidities are
needed. Approximate methods in which the
deflections of portions of walls are combined usu-
aly are adequate.

(1) Wall deflections. The rigidity of awall is
usualy defined as the force required to cause a unit
deflection. Rigidity is expressed in kips per inch.
The deflection of aconcrete shear wall is the sum of
the shear and flexura deflections. See figure 6-1. In
the case of a solid wall with no openings, the
computations of deflection are quite simple.
However, where the shear wall has openings, as for
doors and windows, the computations for deflection
and rigidity are much more complex. An exact
analysis, considering angular rotation of elements,
rib shortening, etc., is very time-consuming. For this
reason, several short-cut approximate methods
involving more-or-less valid assumptions have been
developed. These do not always give consistent or
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(a) Shear Deformation

satisfactory results. A conservative approach and
judgment must be used.

(2) Deflection charts. The calculation of
deflectionsis facilitated by the use of the deflection
charts. See figure 6-4 for fixed-ended corner and
rectangular piers. Curves 5 and 6 are for cantilever
corner and rectangular piers. The corner pier curves
arefor the specid case where the moment of inertia,
|, of the corner pier is 1.5 times that of a
rectangular pier. For other I-vaues the bending
portion of the deflection would be proportional.
The deflections shown on the charts are for a
horizontal load, P, of 1,000,000 pounds. The
deflections shown on the charts are reasonably
accurate. The formulas written on the curves can be
used to check the results. However, the charts will
give no better results than the assumptions made in
the shear wall analysis. For instance, the point of
contraflexure of a vertical pier may not be in the
center of the pier height. In some cases the point of
contraflexure may be selected by judgment and an
interpolation made between the cantilever and fixed
conditions.

(3) Foundation effects. The rotation at the
foundation can greetly influence the overdl rigidity
of a shear wall because of the very rigid nature of
the shear wall itself; however, the rotational
influence on relative rigidities of walls for purposes
of horizontal force distribution may not be as
significant. Considering the complexities of soll
behavior, a quantitative evauation of the foundation
rotation is generdly not practical, but a qualitative
evaluation, recognizing the limitations and using
good judgment, will be provided.

(4) Framework effects. Therelative rigidity of
concrete or unit masonry walls with openings is

A3 7 a
T R l - f

Az | . A
.. = ‘\, Fg
4, R 3
"~ -—:- F,

> v

ISR SRS SO O s
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Figure 6-1. Shear wall deformation.



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

usudly much greater than that of the building
framework. Thus, the wallstend to resist essentially
all or amgjor part of the lateral force.

b. Effect of openings. The effect of openings on
the ability of shear wdlsto resist lateral forces must
be considered. If openings are very small, their
effect on the overdl state of stressin a shear wall is
minor. Large openings have a more pronounced
effect and, if large enough, result in a system in
which typicd frame action predominates. Openings
commonly occur in regularly spaced vertical rows
throughout the height of the wall, and the
connection between the wall sections is provided by
elither connecting beams (or spandrels), which form
apart of thewal, or floor dabs, or a combination of
both. 1 the openings do not line up vertically and/or
horizontally, the complexity of the analyss is
greatly increased. In most cases, arigorous analysis
of a wall with openings is not required. In the
design of a wall with openings, the deformations
must be visualized in order to establish some
approximate method for anayzing the stress
distribution to the wall. Figures 6-1 and 6-2 give
some visud descriptions of such deformations. The
major points that must be considered are the
lengthening and shortening of the extreme sides
(boundaries) due to deep beam action, the stress
concentration at the corner junctions of the
horizontal and verticd components between
openings, and the shear and diagona tension in both
the horizontal and vertical components.
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(1) Relativerigidities of piers and spandrels.
The ease of methods of anaysis for walls with
openings is greatly dependent on the relative
rigidities of the piers and the spandrels, as well as
the general geometry of the building. Figure 6-3
shows two extreme examples of relative rigidities of
exterior walls of a building. In figure 6-3 the piers
are very rigid and the spandrels are very flexible.
Assuming arigid base, the shear walls act as vertical
cantilevers. When a lateral force is applied, the
spandrels act as struts that flexurally deform to be
compatible with the deformation of the cantilever
piers. It isrelatively simple to determine the forces
on the cantilever piers by ignoring the deformation
characteristics of the spandrels. The spandrels are
then designed to be compatible with the pier
deformations. In figure 6-3, the piers are relatively
flexible compared with the spandrels. The spandrels
are assumed to beinfinitely rigid, and the piers are
andyzed asfixed-ended columns. The spandrels are
then designed for the forces induced by the
columns. The overal wall system is also analyzed
for overturning forces that induce axial forcesinto
the columns. The calculations of relative rigidities
for both cases shown in figure 6-3 can be aided by
the charts in figure 6-4. For cases of relative
gpandrel and pier rigidities other than those shown,
the analysis and design become more complex.

(2) Methods of analysis. Approximate
methods for analyzing walls with openings are

DIAGONAL TENSION
CRACICS IN SPANRRELS
MAY OCCUR AT THE
TORP OR AT OTHER
ELEVATIONS , PEPENDING
ON VERTICAL SHEAR
DISTRI BUTION

| NDIAGONAL TENS/ON

CRACKS IN PRIERS,
USUAaLLY MOoST

SEVERE AT AOTTOM
WHERE HOR/ZONTACL
SHEAR 1S LARGEST

Figure 6-2. Deformation of shear wall with openings.
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Figure 6-3. Relative rigidities of piers and spandrels.

generally acceptable. For the extreme cases shown
infigure 6-3, the procedure is straightforward. For
other cases, avariety of assumptions may be used to
determine the most critical loads on various ele-
ments, thus resulting in a conservative design.
(Note: In some cases a few additiona reinforcing
bars, at little additional cost, can greatly increase the
strength of shear walls with openings.) However,
when the reinforcement requirements or the
resulting stresses of this approach appear exces-
sively large, arigorous analysis may be justified.

c. Coupled shear walls. When two or more
shear walls in one plane are linked together by
coupling beams, interactive forces are transmitted to
the shear walls by the beams. In addition to these
axid forces, the beams develop moments and shears
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that contribute to the resistance of the walls to
overturning. The magnitude of the resisting beam
bending moments and vertical shears is dependent
on the reative stiffnesses of the walls and the
coupling beams. It should be noted that the
foundation itself functions as a coupling beam.
Accurate determination of the resisting forces can
be complex; therefore, approximate methods are
generally used. One method may be used for
caculating the axial forces and another method may
be used for cdculating bending moments and shears
to ensure that the structura elements are not
underdesigned.

d. Construction joints and dowels. The contact
faces of shear wall construction joints have exhib-
ited dippage and related drift damage in past earth-
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Figure 6-4. Design curves for masonry and concrete shear walls.

quakes. Consideration must be given to the location
and details of construction joints. They must be
clean and roughened. Shear friction reinforcement
may be utilized in accordance with ACI 11.7. For
this procedure a coefficient of friction of 0.6 is
suggested for seismic effects.

6-6. Out-of-plane effects.

a. Lateral forces. Walls and partitions must
safely resist horizontal seismic forces norma to
their flat surface (fig 6-5, part a). At the same time
they must resist moments and shears induced by
relative deflections of the digphragms above and
below (fig 6-5, part b). The normal force on awall
is a function of its weight. The equation given in
SEAQOC 1G is F, = ZICW, with C, = 0.75;

however, wind forces, other forces, or interstory
drift will frequently govern the design. (For canti-
levered walls, see paragraph ¢ below.) The design
force will be applied to the wall in both inward and
outward directions.

b. Wall behavior. Wals usudly distribute normal
forcesverticdly to the horizontal resisting elements
above or below. They may also distribute normal
forces to frames or other walls or frames. A wall
may be either continuous or discontinuous across its
supports.

c. Cantilevered walls. Where walls, such as par-
apets, are cantilevered, the anchorage for reaction
and cantilever moment is required to be fully
developed (fig 6-5, part c). C, for this condition is
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Figure 6-4. Continued

2.00, per SEAOC Table 1-H. Where a parapet wall
is anchored to a conrete roof sab and is not a
continuation of awall below, the roof dab will be
designed for the cantilever moment. Where the
parapet is a continuation of a wall below, the
cantilever moment will be divided between the
concrete dab and the wall below in proportion to
their relative stiffnesses. Where the parapet is an
extenson of awall below and is anchored to a roof
or floor of wood, metal deck, or other similar
materias the moment at the base of the parapet will
be developed into the wall below. In this case the
anchorage force to the roof will be determined by
the usual methods of analysis, assuming a pinned
condition for the connection of the roof to the wall.

d. Connections. Walls will be anchored to the
structural frame or digphragm by dowels, anchor
bolts, or other approved methods to withstand the
design forces, but in no case less than 200 pounds
per lined foot. Dovetail anchors are inadequate for
this purpose. Nonstructural partitions will be iso-
lated from exterior walls and shear partitions so as
to prevent buttress action, which would restrict
shear walls from deflecting with the diaphragms.

6-6

Isolated partitions will be braced to overhead
construction or anchored to other isolated cross
walls to ensure lateral stability under out-of-plane
loading.

6-7. Cast-in-place concrete shear walls.

a. General design criteria. The criteria used to
design reinforced concrete shear walls will be ACI
318 as modified by the amendments given in
appendix C. For tilt-up and other precast concrete
shear walls, refer to paragraph 6-8. For details of
reinforcement, see figures 6-6 and 6-7.

b. Boundary element requirements.

(1) ACI 21.5.3 prescribes when boundary ele-
ments are required at the boundaries and edges
around openings of shear walls and also specifies
that these elements be designed to carry the
factored gravity and seismic overturning forces. The
elements may be either specia reinforced concrete
columns (ACI 21.5.3.2) or structural steel columns
(SEAOC 3E4).

(2) Boundary dlements are required when the
gross-section compressive stress due to factored



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

A8, RELATIVE RISPLACEMENT
'\ BETWEEN STORIES , LIMIT

N RIABHRAGM DRIRT TO
I | PREVENT EXCESSIVE

! | STRESSES IN WALL
L —_—— *R LM — =T
—) % 2):‘” -~ ] -~ i !'i
N 20 ntve- IS enia O
N Wdygxhagq=n |2 vCar
N VQuOXRe? X QU g €T
o ¥yOoqII,wI Qa d
—N Rs Q{zakq) -1.3"!0. >
‘_'h q\og_d'.‘.’z:} o Q,JQP‘ !0
—N 329338%S 5 e
N SouwadXI0 Ekw
H-T"_—:— - o — -
o R Th
i
'F = ZICPwP =0.7% zrwﬁ b. Deflections
(PESIGN WALL ROR EORCES IN Tnduced by Relative

OPROSITE PRIRECTION ALSOY Deflections of

Diaphragms (Refer

to Chapter §)
a. Load Normal to Wall
e 77—
f=2IcCpwps202Twp___—» 3 <

—— 1
( PESIGN PARAPET FOR W T T T Bk
EORCES IN OPPOSITE A alx
RIRECTION ALSO,) | Sme fh M
< |

IR o |x

C. Parapet Loading

Figure 6-5. Out-of -plane effects.
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Figure 6-7. Minimum concrete shear wall reinforcement (one curtain).

forces exceeds 0.2 f'. at the edge of the wall
boundary or opening.

(3) WAl boundary elements may also occur in
the building frame system and the dua system
(systemsB3aand D1laand bin SEAOC Table 1-G),
where the usual configuration is to place the shear
walls within the bays between the frame columns.
See figure 6-8 for details of shear walls with
boundary elements.

(4) When boundary elements are not required
(when gross-section compressive stressis less than
or equa to 0.2 f')), then only a minimum amount of
boundary and edge sted isrequired by SEAOC 3E2
and 3E3. Detalls are shown in figures 6-6 and 6-7.

c. Wall piers. Refer to appendix C, paragraph C-
19, for design.

6-8. Tilt-up and other precast concrete
shear walls.

a. Analysis. Where tilt-up or precast concrete
wadlls are used as shear walls, the analysisis similar
to that for walls of cast-in-place concrete; however,
in this case the boundary conditions become critical,
and the shears between precast and cast-in-place
elements must be analyzed. Shears between two
precast el ements or between a precast element and
a cast-in-place element may be developed by shear
keys, dowels, or welded inserts. The contact joint
itself is a cold joint and will be given no shear or
tension vaue.

b. Joints. Precast concrete elements tend to be
structurally separate, one element from another. In
the case of precast wall construction, for instance,
one might have a series of concrete elements tied
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Figure 6-8. Shear wall with special boundary members.

together at top and bottom but structuraly
separated from each other by vertical joints. Since
al elements in a line are tied together at the top,
they must have equal horizonta deflections;
therefore, a horizontal force paralel to the line of
units will be ressted by the individual elementsin
proportion to relative rigidities. Such elements may
not have equal rigidities, Since some may contain
large openings or may be of different height-width
ratios. Some elements may deflect primarily in shear
and others primarily in flexure. Where significant
dissmilar deflections are found, the building
eementstying theindividua units together must be

6-10

andyzed to determine their ability to resist or accept
such deformations, including angular rotation,
without losing their ability to function as ties or
diaphragm chords or footings. Mechanical keys or
deeved dowels may be used to assist in eliminating
differential movement of adjacent precast panels
separated by control joints where appearance and
weathertightness are otherwise satisfactorily
provided.

c. Connectors for shear walls Past earthquakes
have shown that the performance of weld plates or
other nonductile connectors has often been poor,
and in many cases they have resulted in failures.
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Figure 6-8. Continued.

These connectors have been weak links in the shear
wall connection. It is important that the load
bearing shear wals be more stringently or
consarvatively designed, snce any connector failure
during an earthquake may result in progressive
failure to collapse. Therefore, al connectors for
load-bearing and non-load-bearing walls will be
designed for 3(R,/8) times the actual seismic shear
forces. The shear force will be uniformly distributed

throughout the height or length of the shear wall
with reasonably spaced connectors (maximum
spacing 4 feet) rather than with a few that will have
localized concentration of stresses. Detailed
calculations will be made, including the localized
effects in concrete walls attributed from these
connectors. Sufficient details of connectors and
embedded anchorage will be provided to preclude
construction deficiency.
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Figure 6-9 Tilt-up and other precast concrete walls-typical details of attachments

d. Typical details. Refer to figure 6-9 for typical
details of attachments.

6-9. Masonry shear walls.

a. General design criteria. This section pre-
scribesthe criteria for the structural design of shear
walls of unit masonry construction. The basic
reference document is TM 5-809-3/AFM 88-3,
Chap 3. For caculation of shearing stress, masonry
shear walls will be designed to resist 1.5 times the
forces determined in accordance with SEAOC 2E2.

b. Basic requirements. Unit masonry will be
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reinforced with deformed bars for axia, flexural,
shear, and diagonal tension stresses as determined
by design calculations. Additional reinforcing bars
are prescribed for use around openings, at corners,
at anchored intersections, and at the ends of wall
panels (for example, at control joints). The mini-
mum reinforcement prescribed in the manua is
intended to provide empirical requirements relative
to damage control (ductility and boundary condi-
tions). Layout and details of construction will be
compatible with the application of the rules for
modular measure.
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c. Special requirements.

(1) Excluded materials. The following materi-
alswill not be used as part of the structural frame:

(a) InZone 2, glass block, non-load-bearing
masonry units, plastic cement, masonry cement, and
mortar with more than 1-¥4 parts by volume of
hydrated lime or lime putty per one part of portland
cement.

(b) In Zones 3 and 4, glass block, non-load-
bearing masonry units, plastic cement, masonry
cement, and mortar with more than Y2 part by
volume of hydrated lime or lime putty per one part
of portland cement.

(2) Stacked bond. Since a running bond pat-
tern is the strongest and most economical, the
criteriain this manual are based upon each wythe of
masonry being constructed in a running bond
pattern. The use of a stacked bond pattern will be
restricted to reinforced walls essential to the archi-
tectural treatment. Filled-cell masonry or grouted
masonry will be used. For filled-cell masonry, open
end blocks will be used and so arranged that closed
ends are not abutting and all head joints are made
solid, and bond beam units shall be used to facilitate
the flow of grout.

(3) Height limit. Unit masonry construction
will not be used for shear walls where the height of
the building exceeds the limits given in SEAOC
Table 1-G.

(4) Joint reinforcement. Joint reinforcement
will not be used in the calculation of shear strength.

(5) Mechanical splices. Mechanical splices
will develop 125 percent of the specified yield
strength of the bar in tension, except that for
compression barsin columnsthat are not part of the
seismic system and are not subject to flexure, the
compressive strength only need be devel oped.

(6) Cawvity walls. Cavity wallsare not practical
for use as shear walls because each wythe individ-
ualy, and both wythes acting together in proportion
to their relative rigidities, must be capable of
carrying the required loads. It is usually much more
economical to construct a two-wythe cavity type
wall by using an interior structural wythe and an
exterior nonstructural anchored veneer wythe. See
chapter 11 for requirements for anchored veneer.

(7) Drawings. The locations of control joints
and theidentification of structural and nonstructural
walls and partitions for all masonry construction
will be shown on preliminary and contract drawings.
On contract drawings, complete details for
masonry, reinforcement, and connections to other
elements will be shown. Detalling procedures
outlined in ACI-315 are generaly applicable to
reinforced masonry.

(8) Frame qualifications. Masonry columns
or pilasters will not be used to qualify a structure
for acomplete vertica load carrying space frame so
asto increase the R, -factor above that of a bearing
wall system. Masonry columns will not be used in
rigid frame construction.

d. Types of reinforced masonry walls. Masonry
will conform to one of the following basic types:
reinforced grouted masonry, reinforced hollow ma-
sonry, or reinforced filled-cell masonry.

(1) Reinforced grouted masonry is that type of
construction made with two wythes of masonry
unitsin which the collar joint between is reinforced
and filled solidly with concrete grout. The grout
may be placed as the work progresses or after the
masonry units are laid. Collar joints will be
reinforced with deformed bars, both vertical and
horizonta. Reinforcement and embedded items such
as structural connections and electrical conduit shall
be positioned so as to alow proper placement of
grout. All unitswill belaid in running bond with full
shoved head and bed mortar joints. Masonry
headers will not project into grout spaces. Clipped-
brick headers will be used where the appearance of
masonry headersis required. See figure 6-10.

(2) Reinforced hollow masonry is that type of
construction made with a single wythe of hollow
masonry units (concrete or clay blocks), reinforced
vertically and horizontally with steel bars, and cores
and voids containing reinforcing bars or embedded
items are filled with grout as the work progresses.
Seefigure 6-11.

(3) Reinforced filled-cell masonry is that type
of construction made with a single wythe of hollow
masonry units, reinforced vertically and horizontally
with deformed steel bars, and all cores and voids
arefilled solidly with grout after the wall islaid. See
figure 6-12.

e. Bond beams. Bond beams will be located as
indicated in figure 6-13. Reinforcement bars in bond
beams will be lapped as prescribed in TM 5-809-
3/AFM 88-33, Chap 3 at splices, at intersections,
and at corners. Bar splices will be staggered. Bond
beams will be provided a top of masonry
foundation wall stems, below and at top of openings
or immediately above lintels, at floor and roof
levels, and at top of parapet walls. Intermediate
bond beams will be provided as required to conform
to the maximum spacing of horizontal bars.
However, whenever the height is not a multiple of
this normal spacing, the spacing may be increased
up to a maximum of 24 inches, provided the bond
beams are supplemented with joint reinforcement.
Oneline of joint reinforcement will be provided for
each 8-inch increase in the spacing. No additional
bond beam will be required between window
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openings that do not exceed 6 feet in height,
provided the prescribed supplemental joint
reinforcement is ingtalled. To facilitate the
placement of stedl or concrete corefill, the top bond
beam for filler walls or partitions may be placed in
the next-to-top course. The area of bond beam
reinforcement will be included as part of the
minimum horizontal steel.

f. Control joints. Control joints may be required
under the provisions of TM 5-809-3/AFM 88-3,
Chap 3. The placement of control joints must be
coordinated with the seismic design. Because the
control joints provide a complete separation of the
masonry, the location of control joints fixes the
length of wall panels and, in turn, the rigidity of the

walls, the distribution of seismic forces, and the
resulting unit stresses. Therefore, adding,
eliminating, or relocating control joints will not be
permitted once the structural design is complete.
Control joints will never be assumed to transfer
bending moments or diagonal tension across the
joint: joint reinforcement and bars in nonstructural
bond beams will be terminated at control joints.
Deformed bars in structural bond beams (those
acting as chords and collectors) will be made
continuous for the length of the digphragm. Refer to
figure 6-14.
g. Design considerations.

(1) Wall weights. Refer to TM 5-809-3/AFM

88-3, Chap 3 for the average weight of concrete
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masonry units and the average weight of completed
walls.

(2) Shearing stresses in hollow masonry.
Refer to TM 5-809-3/AFM 88-3, Chap 3 for the
assumed effective area for hollow masonry and the
equivaent thickness of hollow masonry for
computing stress due to shear parallel to the face.

(3) Boundary elements. When masonry shear
walls are used as part of adua system (i.e., systems
Di1cand Didin SEAOC Table 1-G), specia vertical
boundary elements are required. These elements will
be composed of structural steel or reinforced
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concrete in accordance with ACI 21.5.3.
h. Reinforcing. Typical reinforcement is shown
in figure 6-14.

(1) Minimum reinforcing. Unit masonry must
be reinforced not only for structural strength but to
provide ductile properties and to hold it together in
the event of severe seismic disturbance. All walls
and partitions will be reinforced as required by
structural caculations, but in no case with less than
the minimum area of sted and the maximum spacing
of bars prescribed below. The minimum reinforce-
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ment and the maximum spacing of barsis controlled
by the type of wall and the seismic zone. Table 6-1
applies. Only reinforcement that is continuous in
any wall panel will be considered in computing the
minimum area of reinforcement. Joint reinforcement
used for crack control or mechanical bonding may
be considered as part of the total minimum
horizontal reinforcement but will not be used to
resist computed stresses. (For Zone 1 structures,
the exception for wal reinforcement under table 6-1
applies. Where the exception applies, masonry
congtruction will conform to TM 5-809-3/AFM 88-
3, Chap 3. Further additional bars will be provided
around openings, a corners, a anchored
intersectionsin wal piers, and a ends of wall panels
as prescribed elsawherein this chapter. Vertical bars
inwallswill be spliced as prescribed in TM 5-809-
3/AFM 88-3, Chap 3.

(2) Reinforcing in shear walls. In Zones 3 and
4, reinforcement required to resist in-plane shear
will be terminated with a standard hook or with an
extension of proper embedment length beyond the
reinforcing at the end of the wall section. The hook
or extenson may be turned up, down, or
horizontaly. Provisionswill be made not to obstruct
grout placement. Wall reinforcement terminating in
columns or beams will be fully anchored into these
elements.

(3) Reinforcing in wall piers. Horizonta rein-
forcement will be in the form of ties as shown in
figure 6-14.

(4) Column ties. In Zones 3 and 4, the spacing
of column ties will not be more than: 8 inches the
full height for columns stressed by tensile or
compressive axia overturning forces due to the

saiamic loads of chapter 3; 8 inches for the tops and
bottoms of all other columns for a distance of one-
gxth of the clear column height, but not less than 18
inches nor the maximum column dimension. Tie
gpacing for the remaining column height will be not
more than 16 bar diameters, 48 tie diameters, or the
least column dimension, but not more than 18
inches. Hooks in column ties will have a minimum
turn of 135 degrees plus an extension of at least six
bar diameters, but not less than 4 inches at the free
end of the bar, except that where the ties are placed
in the horizontal bed joints, the hook will consist of
a 90-degree bend having a radius of not less than
four bar diameters plus an extension of 32 bar
diameters.

(5) Reinforcing in stacked bond. In Seismic
Zone 2, the minimum horizonta reinforcement ratio
shall be .0007 bt. This ratio shall be satisfied by
uniformly distributed joint reinforcement fully
embedded in mortar or by horizontal reinforcement
spaced not over 4 feet and fully embedded in grout.
In Seismic Zones 3 and 4 the minimum horizontal
reinforcement ratio shall be .015 bt. If open end
units are used and grouted solid, then the minimum
horizontal reinforcement ratio shall be .0007 bt.

(6) Reinforcing at wall openings. Since the
area around wall openings is vulnerable to fallure,
supplementa reinforcement is prescribed herein.
For purposes of this paragraph, the term jamb bars
will means bars of the same size, number, extent,
and anchorages as the typica vertica stud
reinforcement in that wall, and in no case less than
one bar, #4 or larger. Refer to figure 6-15.

(&) Casel. Casel appliesto all openingsin
nonstructural partitions over 100 sguare inches,
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Total Minimum Maximum spacing of bars (inches)
Reinforcement - -
(percent)"? Vertical bars Horizontal bars
Seismic Zone Seismic Zone Seismic Zone
483 2 1 4&3 2 1B 4&3 2 ?
Structural 0.20 0.20 0.15 24 36 60 48 60 72
Nonstructural 0.15 0.15 0.15 48 60 72 84 84 9%

NOTES

The total minimum reinforcement is the sum of the vertical and horizontal reinforcement; not less than 1/3 of the prescribed
total minimum reinforcement will be used in either direction.

Ihe percentage of area reinforcement is based on gross area of wall (nominal dimensions).

jon: In seismic zone 1, one-story structures with eave heights not exceeding 14 feet; and two-story and three-story
structures with story heights not exceeding 12 feet, the maximum spacing of vertical reinforcement in structural and
nonstructural walls will be 6 feet and 8 feet, respectively. Vertical reinforcement will also be provided at each side of each
opening and each corner. Horizontal reinforcement will be provided at top of footings and at the bottom and top of openings.
These walls must be capable of resisting seismic zone 1 loads.

Table 6-1. Minimum wall reinforcement.

]

-

Case 1

Case II

Case III

Refer to paragraph 6-9h (2) for application of Cases I, II, and III.

Figure 6-15. Reinforcement around wall openings.

and any opening in structural partitions or exterior
walls that is 2 feet or less both ways but over 100
square inches. Jamb bars will be provided on each
side of the opening and at least one bar, #4 or
larger, will be provided at top and bottom of the
opening. The lintel bars above the opening may
serve as the top horizonta bar, and a bond beam bar
at the bottom of the opening may serve as the
bottom horizontal bar.

(b) Casell. Case |l gppliesto exterior walls
and structural partitions for any opening that
exceeds 2 feet but is not over 4 feet in any direction.

The perimeter reinforcement will be the same asin
Case | plus additional reinforcement as follows: at
least one bar, #4 or larger, will be provided on all
four sides of the opening in addition to the bars
required in Case | and shall extend not less than 40
bar diameters or 24 inches, whichever is larger,
beyond the corners of the opening.

(c) Caselll. Case 1l appliesto any opening
that exceeds 4 feet in ether direction in exterior
walls or structural partitions. The perimeter rein-
forcement will be the same asin Case |1, except that
vertical jamb bars will be provided in lieu of the

6-19
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shorter vertical bars.
i. Additional details. See figure 6-16.

6-10. Wood stud shear wails.

a. General design criteria. The criteria used to
design wood stud shear walls are presented in
SEAQC, chapter 5 and the additional criteriain this
section.

b. Allowable shears for plywood. Details of ply-
wood sheathed walls are shown in figure 6-17, and
the alowable shears are shown in figure 6-18. The
usual one-third increase for short-term seismic loads
is not applicable to these allowable shear values.
When a combination of plywood and other
materiasis used, the shear strength of the walls will
be determined by the values permitted for plywood
alone.

c. Allowable shears for sheathing other than
plywood. Figure 6-19 gives in tabular form the
maximum height-width ratios and allowable shear
per lineal foot for wood stud shear walls with
various types of sheathing or plaster except for
plywood sheathed walls. The usua one-third in-
crease for short-time seismic loads is not applicable
to these allowable shear values. The strength of any
wood stud shear wal may be made up of a
combination of the materials listed. In no case shall
the allowable shears for combinations of materials
exceed 600 pounds per lineal foot.

d. Deflections. Procedures for calculating the
deflection of wood frame shear walls are not yet
available. The maximum height-width limitations
given herein are presumed to satisfactorily control
deflections. Relative stiffnesses of wood stud shear
wadls will be measured by the effective lineal width
of walls or piers between openings.

e. Let-in brace. Except when used in combina-
tion with diagonal sheathing or plywood, a 1-inch
by 4-inch brace let into the studs may be used to
resist an additional horizontal force not exceeding
1,000 pounds, provided the total value of the shear
wall does not exceed 600 pounds per foot. Each
such brace shall be nailed to each stud and to the
top and bottom plates with two 8d nails.

f. Wall tie-down. The end studs of any plywood
sheathed shear wall and/or shear wall pier will be
tied down in such a manner as to resist the
overturning forces produced by seismic forces par-
ald to the shear wall. This overturning force is
sometimes of sufficient magnitude to require specia
stedl attachment details. A commonly used detail is
shown on figure 6-20. Tie-downs will be computed
using the required stresses for wood and its
fastenings increased one-third for seismic forces.

6-20

6-11. Steel stud shear walls.

a. Description of system. Steel studs may be
used in lieu of wood studs in structural bearing
walls. To function as shear walls, steel-stud walls
need bracing. In principle, plywood sheathing could
be used, but there are no available allowable shear
values. Instead, it is customary to use diagonal
braces made of sted straps welded to the face of the
steel studs. Sheathing such as plywood or gypsum
board may be used to serve architectural purposes
such as containing insulation and backing up
finishes.

b. Design criteria. Thisis system A3in SEAOC
Table 1-G: the R,-value is 4. In this manual this
category envisons structures with lateral forces that
come from aroof and the upper part of walls, and
that are small in magnitude. The system is limited to
buildings of one story. The system will not be used
for lateral support of masonry or precast panels.

c. Detailed design requirements. Figure 6-21
shows a few typical details for this light construc-
tion. Figure 6-21, sheet 1, shows a steel-strap brace
that can be used to resist a maximum load of 1,000
pounds per brace. Note several essential features of
that detail:

(1) Theend of the diagond strap is concentric
with the stud and track and iswelded all around to
those two members.

(2) The vertical component of forceistrans-
mitted into the base via a structural stedl angle
whose upstanding leg is welded to the stud at
locations very close to the flanges of the stud. This
angle detail holds the base of the stud and prevents
stresses and deflections that would occur in the
track if the stud were connected solely to the track
with the anchor bolt at some distance away.

(3) At least two straps are needed in each
wall, arranged so that there is sufficient tension
capacity in both directions of design force.

(4) The bottom track cannot be used to resist
uplift by bending of the track web (as noted in the
paragraph above concerning the brace detall).

(5) Both flanges of al studs must be braced
against torsional buckling.

(6) Screwsmay not be used to resist forcesin
pullout.

(7) Provisons must be made for pretensioning
the straps or otherwise ensuring that they are not
loose.

(8) There will be some sheathing that will
provide additiona stiffening and some redundancy;
if there is no sheathing, the designer should provide
remedial solutions.
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8. THESE SHEAR WALLS SHALL JOT BAC USGHD TO RESIST FORCES
DUEG TO COIMCRETE IOR MMAHSOIIRY MAHSSES, CXCEPT ~OR
VEMECG12S, SHOWER STALLS AMD MILOR COCRETE FILLS
SUCH AS CQUIFMEGHT PASES.

4. THE USUAL 38 Y3 % IWCREASE F-OR SHORT= TIMG 3&/SMIC
LOADS IS JOT APPLICABRLE TO THE ALLOWARLE SHEAR VALUES

GIVEL IN Ft&. -22.

7 CONTINUOUS STUD FoR VERTICAL TIE

i PR “r m
—— STUDS

MEADE BLOCK /NG AT
{7 ~ | PLYW'D PANEL EDGE
=1 | "
% - BLOCK G AT STRAP
3 vy I H— 4G GA. GALK. STRAR
%;?g ZI’;,OE . COVER ENOUGH BLOCKS
HEADER, To DEVELOP THE TI&

FORCE INTOTHE FLY-
WeoD SHEATHING.

OPEN/le
Al A P =

DETAIL OF TENSION TIE - STRUT

Figure 6-17. Plywood-sheathed wood stud shear walls.
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Recommended Shear (pounds per foot) for APA Panel Shear Walls with Framing of Douglas-Fir,

Larch, or Southern Pine!® for Wind or Seismic Loading®!
—
Panels Appiied Diract to Framing Panels Applied Over 112” or 5/8” Gypsum Sheathing
M‘ . M. . “ . . il H . .
Nm mm ‘m o Nail Spacing al Panel { Mm Nail Spacing at Panel
Panel Grade Panel Thickness |  inFraming | "oy onizeg Edges (in) galvanized Edges (in)
(i) (in) box) 8 s 3 | 2@ bax) § 4 3 20
5/16 1-1/4 6d 200 | 300 | 390 | 510 8d 200 300 390 510
APA STRUCTURAL |
grades cr s 230ld) | 3601 | 46019 | 51010 280 430 550 730
716 1112 8d 255(d) | 385(d) | 505(d) | 670( 100(h - - - -
15/32 280 | 430 | 550 | 730 - - - -
15/32 158 100 340 | 510 | 665 | 870 — - — = -
516 or 1/4(0) 180 | 270 | 350 | 450 180 270 350 450
APA RATED SHEATHING, &) 114 6d 200 | 300 | 3s0 | s10 | -8 200 | 300 | 30 | st0
APA RATED SIDING@
except species Group 5. e 1112 8d 24000 | 3500 | a5k | sgsey | 1040 _ - _ _
1532 260 | 380 | 490 | 640 — - -~ - |
15032 158 1000 | 310 | 460 | 600 | 770 — - - ~ -
19/32 340 | 510 | 665 | 870 - - - -~ -
Nail Size Nail Size
APA RATED SIDING(9). (galvanized (gatvanized
and other APA grades 5/16() 1-1/4 casing) 140 | 210 | 275 | 360 | _cosirg) 140 210 275 360
except species Group 5 6d 8d
KY:} 1112 8d 160 | 240 | 310 | 410 10d0 160 240 310 410

(a) For framing of other species: (1) Find species group of lumber in the NFPA National Design Spec.
(2)(a) For common or galvanized box nalls, find shear value from 1able above for nail size for
STRUCTURAL | panels (regardiess of actual grade). (b) For galvanized casing nails, take shear
éa!uedlrecliyltomtableabwe. (3)Muttiply this value by 082 for Lumber Group I or 065 for Lumber

roup V.

(b} All panel edges backed with 2-inch nominal or wider framing. Install panels ether horizontally or
vertically. Space nails 6inches oc along intermediate framing members for 3/8-inch and 7M6-inch
panels installed on studs spaced 24 inches oc. For other conditions and panel thicknesses, space
nails 12 inches oc on intermediate supports.

(c) 8-inchor APARATED SIDING - 16 oc is minimum recommendett when applied direct to framing
as exterior siding

Typical Layout for Shear Walls

Load Framing
—f JUDSS =
3 »\KL N
) ——

Shear wall boundary

(d

(e
(f)
(9

Shears may be increased to values shown for 15/32-inch sheathing with same nailing provided
(1) studs are spaced a maximumof 16 inches oc, o (2) if panels are applied with long dimension

across studs.

Framing at adjoining panel edges shall be 3-inch nominal or wider. and nails shall be staggered
where nails are spaced 2 inches oc.
Framing at adjoining panel edges shall be 3-inch norminal or wider, and nails shall be staggered
where 10d nailshaving penetration into framing of more than 1-5/8inches are spaced 3inches oc.
Values apply to all-veneer plywood APA RATE D SIDING panels only APARATED SIDING - 160¢
plywood may be 11/32-inch., 3/8-inch or thicker. Thickness at point of nailingon panel edges governs

shear values

Framing

-

ol

a=

—

p——

Foundation resistance

Reprinted with permission from TABLE 22 in APA Design / Construction Guide, © American Plywood Association.

Figure 6-18. Allowable stresses for plywood-sheathed wood stud walls.
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) DIAGOMAL _SHEATHILIG
% ?/// ‘ Pt e otaPHR AGAt AT ROOr OR FLOOR
_ W Lo w7 "~ QUE ILICH BY FOUR LIUCHS LET (4

SPLICES SHOWL ARE 5757 / BRACE AS REQUIRED. JJAIL TO
FOR I'B0ARDS - SEE ; 7‘ v Al CACH STUD ALD TO THE TOP
LOTE 3 BELOW \ / AL /ﬁ/ | Awp BoTrom PLaTE Witk 2-84 ualLs

= 578 ~—PLASTER OR GYI"SUM WALLBCARD

STRAIGHT SHeaTnuG —B=t] || \U// Y ¢ ~LooR Lwe

TXPICAL SHEAR WALL ELEVATION

YERTICAL SHEAR WALLS UAILIVG ® EACH BEARIVG MMAXIULUL PIER ALLOWABLE
QUE SIDE QuULY COMALOLS LUILESS IJOTED NEIGHT -WIDTH SHEAR
RATIOS (¥%'w) L8 . ~1
I"STRAKGHT SHEATHUIG 2-8¢d 2:7 30
2'S TR AIGHT SHEATHILG 3-/%d : <40
COMVELTIONAL I” I'xG” 2-8d(3-8 AT BOUUOARIES ) 2:7 300
DIAGOUAL SHEATHUNXS ) I'x 8° 3-8 (485 AT BOUWIDARIES) :
SPECIAL DIAGOLAL SHEATHIIG . 3-ed | 3%:/ &00
LATH # GYPSUM PLASTER ~ WEL0L GAUGE Xl DILETER 2: 100
4 BLUED BOX LIAILS @ G’o.c.
ggzb;.gzz;rgzeruw OR 14" 0. IIGAUGE %he DIA. 2:7 200
HEAD MARBED LIAILS @ Go.c.
GYPSUML LATH, PLAIL OR . P
PERAORATED Yo' WTHoUT ~— 'MLII3 GAUGE Ul DULETER 41 100
SLock 4 & PLASTER 15" L0 I GAUGE Y™ oMérEAa
CHPSULL SHEATHILIG BOMRD  HEAD DIAMOLIO POILT. %1 75
“x2x GALVALUIZED ® <4%0.c.
1%4" LO.1! GAUGE Vic”® DIAILETER
“;’,’;f’ ﬂ%ﬂfg’fgﬁ %RD HEAD DIACIID POUIT 11 175
x GALYALI/IZED ® 4%0.c.
GYPSUA WALLBAARD (DRYWALL) So OR @ 7o.c 1%:1 100
%°WTHOUT BLOCKIIG 1%'<.098GA, ® L. 1%:1 125
GYPSUL WALLBOARD(DRYWALL) SJ OR @ 7o.c. 1% 1 125
B WITH BLOCKILG 1%'%.098 GA. ® «4'oc. 1% 1 150
GYPSUIL WALLBGARD (DRYWALL) . .
46" WITH SLOCKIG Go @ 4%.c. 17281 s
GYPSUL WALLPOARD(DRYIWALL) G of ® 9°0.c. BSASE PLY ey 250

€5° THO-PLY WITH BLOCKU/G Bd € 7o.c. FACE PLY

AOTES:
[ BPALUES SHALL BE MODIMED MOR PARTICULAR SPECIES OF- WOOD U ACCORDAIICE WITH PER-

CELUTAGES BELOYW
SPECES B ™ TABULATED KALUES

SPECIES R OF TABULATED YALUES SPECIES % OF TADULATED KALUES

DOUGLAS IR (WEST COAST £ WLALD)IOOX SPRUCE (SITKA) 75R  PUIE (POLDERDSA) 65 %
LARCH 0% IR (WHITE) % PLPULE(SUGAR) &5 %
HEILOCK (WESTERL) 85% CEDLAR (WESTERL RED) S % PUB(LODGEPRPOLE) G5 %
REDWO0D B0 PUE (IQAHO YWHITE) GS R SPRUCE (BUGLEAAL) G5 %

2. i USED UWIDER COUDITIAUS OTHER THAL COLTUWIUOUSLY DRY, KALUES FOR YWOOD SHEAR WALLS SHALL
BE REDUCED TO 67 %o O/ THE TABULATED YALUES. )

3 DIAGOIAL OR STRAIGHT SHEATHUIG -ELID JOUITS OF ADUACELT BOARDS WILL BE SEPARATED BY
AT LEAST TWO JOIST OR RAFTER SPACES WTHAT LEAST TWO BCARDS BETWEEL JOWTS QU SAME SUPraRT

4 SPECIAL DIAGOLIAL SHEATHU/G SHALL COUSIST O TWO LAYERS OF I"COUVELITIOIMAL DIAGOIIAL SHEATHUAG
AT 90° TO BACH OTHER ALD QL) THE SAME IACE OF STUODS

S TYPE OA LAILS, SEE APPLICABLE AGELXCY GUIDE SPECIF-ICATIOUS.

&. THESE SHEAR WALLS SHALL JJOT BE USED TO RESIST MFORCES DUE TO COMMCRETE LIOR IMASOLRY ILASSES,
EXCEPT FOR YELIECRS, SHOWER STALLS AlLD IUIOR COUCRETE MLLS SUCH A3 EQUIFIELT 1405.

7 THE USUANL 3353 T LWICREASE IOR SHORT- TIME SCISMIC LOADS IS 10T
APPLICABLE TO THESE ALLOWARLE SHEAR VALUES.

Figure 6-19. Typical wood stud shear walls of various materials other than plywood.
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3 X WIAIMIN TIE DOV STUD

_f-sreee peare
) T ‘ rk -

PLRTE 7O -

MNGLE —"—Jv

Bl _Top oF FLOOR
__}.___sL SLAB OR CURS

L
ﬁig;é'—'f? E§r‘ffgf

t
RETIGHTEN Berore) § |Lorraick 2

APPLYING SHEATHING B L 2* 3
LOCK BY SCORING i Eagore

HREADS QRUSE 1 { wsHER b g

LOCKNUTS,
THIS BOLT NOT TO BE CONSIDERED
AS A SILL ANCHOR BOLT. PROVIDE
3°MIN. CONCRETE COVERAGE UNDER
& AROUND ANCHOR BOLT.

TyPICAL T/E-DOWN DETAIL A

!

-—--—

FISH ALOOR

'BELOW

|
ZxSTUDS*; L___

STEEL PLRTE |
JISTUDJ L TYPIiCRL TIE DOWV

PLAN B
CORNER DETAIL AT TIE-DOWN

NOTE: Angle, bolts, plates, posts, footings, etc., to be designed

for uplift.
Figure 6-20. Wood stud walls—typical tie-down details.
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12 12
M m SIMLAR/Q puparvim
. TYPICAL TRACK , 1000”
T r/ 1
—— 1 - a"x 1 STEEL STRAP -TYPICRL
TYPICAL /\
BRIDGING - ) PICAL~ STRAPS
y t N 70 €acu STup & @
a STRAPS CROSSING
/—-/6 GRGE STUD
7YPICAL
TRACK /; L

T/ A L ANCHOR BOLT © COMECTION
16 GAGE STUD ° OF BRACE -TYPICAL
B Pxo"ANCHOR BOLTS ®
&£-0 o.c. TYPICRL

NOTE. STUDS IN BRACED PRNEL SHALL BE ko GRGE LORD BEARING STUDS (@16 0.c)
UVLESS OTHERWISE NMOTED

ELEVRTION A

TYPICRL BRRCED STEEL STUD WRLL.
ERCH BRAICED SECTION WILL RESIST 1000 POUND HORIZONTRL LORD RPPLIED HORIZONVTIKLY
AT TOP TRACK

16 GRGE STUD

8 1 STEEL
1% STRAP BRACE

1
P i E )
1
TRACK— Y C
M
]
,—VV 4 HKPx8" AnCHOR BOLT L-2Vax2% x'%-
G 3*LONG - WITH

LLAN € SLOTTED HOLE
DETAIL 8

Figure 6-21. Seel stud shear walls—typical details.
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CONT. ANGLE BRIDGING

| DIAPH WELD f—(m_mpu weLn

N

=
STEEL STURS
® /6" o.C.

NIAGONAL STRAP

1 PIAG. STRAP
EITHER SIPE8

SECTION B

GAGE
JOISTS

STESLC STUNS
@/6"” o-¢C.

SECTION C

Figure 6-21. Continued.
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